A laparoscopic approach has become the standard procedure for removing adrenal masses. However, the need for experience with the technique continues to be emphasized. The aim of this study was to retrospectively review the first 5 years of data of patients who had an adrenal mass and underwent laparoscopic surgery with a transabdominal lateral approach.
Introduction
Adrenal glands are endocrine glands located on the superior-medial side of the kidneys in the retroperitoneal area on both sides. Surgical removal of this gland or both glands is needed due to various endocrine diseases, masses, metastasis of different organs or malignancies. The surgical treatment of the adrenal gland can be challenging that it is located in the retroperitoneal area, dissection of the adipose tissue could be difficult especially in obese patients, it has close relationship with the main vascular structures (aorta, vena cava) and high risk of bleeding because of the fragile, and highly vascularized nature of the organ.
There are different ways to reach the adrenal gland surgically (open, laparoscopic, robotic). Each method has defined advantages and disadvantages. [1] The most commonly used method is laparoscopy and can be applied from the transabdominal or retroperitoneal area by anterior, lateral or posterior approach. [2] Although many studies comparing transabdominal and retroperitoneal approaches have shown different advantages, transabdominal approach is mostly preferred because it provides a large area in the abdomen, allows excision of medium size (<6 cm) masses and is easy to teach [1, 3] but there is still a debate about laparoscopic approach for large (>6 cm) or malignant masses. [4] [5] [6] The laparoscopic approach to adrenal masses has now become the standard procedure, and with the widespread use of laparoscopy, its use has increased rapidly. However, it is emphasized that it should still be performed in experienced centers because of its surgical risks. But to become an experienced center, first, you need to start. The aim of this study is to retrospectively review the first 5 years of data of patients with adrenal masses, undergone laparoscopic transabdominal lateral approach in an academic referral center and evaluate safety and outcomes of the procedure. The collected data and the results was compared with the literature.
Materials and Methods
Between January 2014 and January 2019, all patients who were operated by laparoscopic transabdominal lateral approach in a university hospital were included in the study. Ethics committee approval was not obtained due to the retrospective nature of the study. Patient files, surgical records, pathology results and digital datas were analyzed retrospectively. Demographic datas, history of preoperative abdominal surgery, American Society of Anesthesiologists (ASA) scores, preoperative diagnosis, hormonal characteristics of adrenal tumor, intraoperative parameters, intra-and postoperative complications, outcomes and histological diagnosis were analyzed. Only, patients suspected to have primary adrenal malignancy were excluded.
Preoperative Evaluation
All of the patients were evaluated preoperatively by an endocrinologist and the surgical decision was made after consultation in the endocrine council of the hospital which is consisted of endocrinologists, radiologists and surgeons. In addition, medical oncologist's opinion was obtained for patients with a different organ malignancy and adrenal metastasis. All of the hormonal tests of the patients (female or male sex hormones, thyroid function tests, plasma adrenocorticotrophic hormone [ACTH], cortisol, androstenedione, dihydroepiandrosterone sulfate (DHEA-S), 17-α-hydroxy progesterone, aldosterone, plasma renin activity, metanephrine, normetanephrine, urine catecholamines [adrenaline, noradrenaline, vanilmandelic acid]) were evaluated by the endocrinologist and dexamethasone suppression test was applied when necessary.
In patients with functional adrenal masses, the blood pressure of the patients was controlled by medications (alpha-1 blockers), which were started 2 weeks before surgery and they were hydrated by intravenous way preoperatively. Also preoperative preparation was done by spironolactone and potassium for Conn's syndrome and anticortisolic agents for Cushing's syndrome if necessary. Abdominal computed tomography (CT) was performed in all patients and magnetic resonans imaging (MRI) and [18F] fluorodeoxyglucose positron emission tomography (FDG-PET/CT) examinations were added if necessary.
Surgical Procedure
All surgical procedures were performed by the same surgical team specialized in minimal invasive surgery. All patients received general anesthesia with orotracheal intubation and antibiotic prophylaxis (cefazoline 2 g i.v.) was performed. No nasogastric or urinary catheters placed before surgery. All patients positioned in the lateral decubitus position with an inclination of 50-60° relative to the operating table according to the side of the lesion. The brachial plexus was protected with an axillary pad and the arms were fixed. Veress needle was used to create pneumoperitoneum even for the patients with history of abdominal surgery. Pneumoperitoneum was maintained at 14 mmHg by insufflation of carbon dioxide (CO 2 ). After diagnostic laparoscopy performed, if the stomach was dilated, it was aspirated with an orogastric catheter and then the catheter was removed. The classic form of laparoscopic adrenal surgery is described by Gagner et al. [7] (1992) and current surgical technique was described by Hamilton et al. [8] (2001) and all operations were performed in this manner. Dissections were always done with hook and electrothermal bipolar vessel sealing device (LigaSureTM vessel-sealing system, Medtronics, Minneapolis, USA). Major vascular structures were obliterated with metallic clips. Direct contact with the adrenal gland was avoided during the operation. Manipulation was performed only with laparoscopic peanut dissector. Surgical specimens were positioned in endo-bag and removed through the extended 10 mm trocar place. One closed suction drain was placed in all patients.
Left Adrenalectomy
Three trocars (two 10 mm and one 5 mm) were used for the left adrenalectomy operation. Extra trocar was not avoided if needed. The first step is mobilization of the splenic flexure of the colon and exposing Gerota's fascia. With the effect of the patient's position and gravity, the colon moves away from the area and after that the connections at the inferior-posterior of the spleen are mobilized. The spleen does not need to be completely released. The peritoneum between the colon and spleen is dissected and the tail portion of the pancreas is displayed and the avascular areolar tissue between the pancreas and Gerota's fascia is divided. At this point, especially in obese patients, damage to pancreatic tissue should be avoided. Adrenal gland should be approached medially. The first lateral dissection causes the gland to overturn medially by gravity and makes it difficult to dissect the vascular structures. Dissection started at the superomedial border of the adrenal gland by the diaphragm and continued toward the renal hilum. Here, the dissection plan can sometimes be difficult and the fourth trocar may be needed for adequate retraction. Adrenal vein is identified and skeletonized at its confluence with the inferior phrenic vein. In some extreme cases, it may also be necessary to visualize the renal vein to be sure. The adrenal vein is dissected after double clipping and the adrenal gland is separated and removed via the left kidney and lateral attechments with the aid of an energy device.
Right Adrenalectomy
Four trocars (two 10 mm and two 5 mm) were used for the right adrenalectomy operation. The fourth trocar is often required for retraction of the liver, unlike left adrenalectomy. Extra trocar was not avoided if needed. After the liver retractor has been placed the first step is dividing the right triangular ligament of the liver, and continuing medially to the inferior vena cava (IVC) to expose and divide Gerota's fascia. During dissection, the retraction of the adrenal gland following retraction of the liver provides relief. Dissection is carried along the superomedial edge of the adrenal gland toward the lateral edge of the IVC to mobilize the medial aspect of the adrenal gland. At this point, care should be taken not to bleed or to lose the plan, especially in bulky tumors. The right adrenal vein is very short and encountered just inferior to where the IVC enters the liver. The adrenal vein should be carefully skeletonized and cut after double clipping. The adrenal gland is separated and removed via the right kidney and lateral attechments with the aid of an energy device.
Postoperative Management
In the postoperative period, only patients who had to be followed up due to their comorbidities were taken to the intensive care unit. Most of the patients were followed up in the clinic. Oral feeding and mobilization initiated on the first postoperative day. Abdominal drains were removed on the first or second operation day if there is no sign of bleeding. Postoperative medication in hormonal active patients was arranged according to the recommendations of the endocrinologist. Follow-up after discharge was performed by both surgeon and endocrinologist.
An intraoperative complication was defined as any undesirable event describe in the operative report and a postoperative complication was defined as an undesirable event happened in the postoperative course. All of the complications were recorded and graded according to the Dindo-Clavien-grade scale. [9] 
Statistical Analysis
Statistical analysis were performed with SPSS 20.0 (SPSS Inc., Arlington, Virginia). Continuous variable was expressed as the mean±SD (min-max). Categorical Data were compared with Chi-square analysis and Pearson correlation analysis and Student t-test were used to evaluate the correlation between variables. A p value <0.05 was considered statistically significant.
Results
During the study period, a total of 42 laparoscopic adrenalectomy procedures by transabdominal lateral approach were performed and the vast majority of cases were women (n=33, 78.6%). The mean age of all patients included to the study was 50.64±13.22 (range 14-76) years old. The lesion was located on the right side in 52.3% of the patients. Nine patients (21.4%) had previously undergone abdominal surgery for various reasons (One right hemicolectomy, one subtotal gastrectomy, one cholecystectomy, four cesarean sections, two appendectomies). The majority of adrenal masses were secretory adenoma or hyperplasia of the gland (Pheochromocytoma/ Cush-ing/Hyperaldosteronism, n=32, 76.1%). Four patients were operated for metastasis of other malignancies (one endometrial cancer, one lymphoma and two neuroendocrine tumors) and others were non-secreting tumors. Mean size of adrenal lesions was 29.4±12.7 mm (range 6-80 mm). Demographic characteristics and ASA scores of patients, side of the lesions and indications for operations are presented in Table 1 .
Mean operative time was 140.45 min (range 69-340). Pearson correlation analysis was used to determine whether there was a correlation between operation time and tumor size but no correlation was found (p=0.732). Also no correlation was found between operation time and gender (p=0.778), tumor location (left/rigt, p=0.984) and preoperative diagnosis (p=0.166). There was a borderline relationship between operation time and age (p=0.046). Operation time was prolonged as the patient's age increased. Mean blood loss was 62.9 ml (range 10-180). No patient required blood transfusion intraoperatively.
Intraoperative complications occured in three cases (7.1%) and both complications belong to the beginning part of the operation. In one patient, minor bleeding occured due to stinging of the veress needle into the right lobe of the liver and this bleeding was controlled by simple cauterization. In one patient who had left adrenalectomy, the first trocar was penetrated into the descending colon due to intraabdominal adhesions. This perforation area was sutured laparoscopically and operation was continued. No major vascular injury was seen in any of the patients. Only one patient had intraoperative hypertensive crisis (youngest patient, 14 years old) and was treated successfully without any postoperative injuries. There was no conversion to open surgery.
There were no major complications while minor complications were observed in nine patients (21.4%) postoperatively. Five patients had postoperative ultrasonography for pain, four had hematoma and one had fluid collection. Only one of these patients required percutaneous drainage. Other patients were treated conservatively. One patient developed abdominal wall hematoma due to bleeding from the trocar site and was followed conservatively. No postoperative blood transfusion was required. Two patients developed infecton in the enlarged trocar field and one patient developed fever secondary to atelectasis. These three patients were treated medically. According to Clavien Dindo Classification number of patients were Grade I: 5, Grade II: 3 and Grade 3: 1. No mortality was observed.
The mean hospitalization day was 3.8 ± 2.1 (range 1-10). The controls of the patients after discharge were provided by endocrinologist and the surgeon in outpatient clinic. Surgery determined an hormonal serum levels normalization in all patients with functional adenoma in near-term follow-up. Operative and postoperative datas are presented in Table 2 .
Discussion
Laparoscopic adrenalectomy is still considered as a safe but difficult surgical procedure and emphasized that it should be performed in experienced centers. This makes surgeons cautious about the procedure. Traditionally, rigth-sided, large-sized or hormonal active tumors are believed to be more challenging but some recent publications claim otherwise. [6, 10, 11] More interestingly, Limberg et al. [12] reported that laparoscopic adrenalectomy is as safe and feasible as laparoscopic cholecystectomy procedure and emphasized that physicians should not hesitate to refer their patients to surgery. Herewith, on the basis of our experience in minimally invasive surgery, we aimed to demonstrate the applicability of the procedure by representing our 5-year results.
From the first description of Gagner et al., laparoscopic adrenalectomy is now the standard procedure for adrenal lesions. Although no comparison was made with open technique in this study, its superiority over open technique has been shown in many studies in the literature. [13] [14] [15] In particular, magnification provided by laparoscopy allows surgeons to perform anatomical dissection more safely and minimizes complications. In addition, the traditional advantages of laparoscopy creates superiority to open surgery with less pain, early mobilization and less scarring. However, the close relationship between adrenal glands with large venous structures, being a fragile organ that is prone to bleeding, as well as working in a narrow retroperitoneal space complicates the procedure and intimidate surgeons. Although we think that this kind of hesitations may be in any kind of laparoscopic procedure, we strongly argue that it is necessary to know the anatomy of the region and to have laparoscopic experience before starting minimally invasive adrenalectomy.
The study included all consecutive surgical procedures and it can be seen from the demographic characteristics of the patients that all patient groups (age, diagnosis, location, tumor size) were taken into consideration. Only the female population dominates the balance. The intraoperative and postoperative results of our study are consistent with many studies showing the applicability of transabdominal lateral adrenalectomy in the literature. [16] [17] [18] [19] Although there are publications advocating otherwise, it is emphasized that obesity, abdominal surgery history, tumor localization (right-left), patient comorbidities and pheochromocytoma diagnosis may change the opera- [20] The mean operation time was 140.45 minutes in our study and was consistent with the literature. No relationship was found between these factors and operation time, however, body mass index could not be included due to lack of data. Mean blood loss is also consistent with the literature. [19] Park et al. [17] reported that the complication rates (18.3% vs 11.3%) and hospital stay (5.5 vs 3.9 days) of low-volume surgeons were higher. This study is noteworthy, but it is difficult to evaluate complication rates as there is no standardized definition of complications in general. In our study, postoperative complication rates were found to be 21.4%, but half of them were Clavien-Dindo Grade I which were conservatively approached. The total of Grade II and III complications were 9.4%, which was consistent with other studies. The average hospital stay of 3.8 days is a confirmation of this situations, which is consistent with other studies. The study of Gallagher et al. [18] confirms this in their study reflecting no correlation between low-volume surgeons and complication rates or length of hospital stay.
Conversion to open surgery and mortality were not observed in our study. However, we believe that this is not suitable for evaluation because of the low number of cases. Retrospective design of the study, female gender predominance and lack of body mass index data are the limitations of the study. In addition, although early results show that surgery is successful, lack of late results is one of the limitations of the study. In addition noone should ignore that the frequency of the factors that make laparoscopic adrenalectomy difficult to be found less in these 42 cases.
Conclusion
Laparoscopic adrenalectomy is a safe and feasible method even in the first experience. The results of the first application are similar to the literature. However, we strongly believe that laparoscopic experience is required to achieve this results.
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